NgC-28209
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INTRODUCTION. Perturbations of F-region eiectron density caused by the
extension of magnetospheric convection eLectric fietd to middie Latitudes are
already wetLl known (TANAKA and HIRAD,1973). For the D-region the first
observations are beitieved to be reported by ELISEYEV,KASHPAR and NIKITIN
(1988). On severaL occasions, folLlowing the southward turning of the
Bz-cosponent of interpLanetary magnetic fieLd (IMF) smalt disturbances of the
D-region eiLectron density were detected at night by steep-incidence VLF
sounding in Geiendzhik on the Btack Sea (ELISEYEV et.ai,1988) which may be
attributed to the influence of the penetrated convection etectric fietd (CEF).
In this paper some evidence is given of a LocalL-time dependence of the CEF
effect in the D-region and a rather good correlation is demonstrated at the
initiat stage of disturbance between high-Latitude wmagnetic fielLd variations
and sisultaneous perturbation of the midLatitude ionospheric refLection height.

OBSERVATIONAL TECHNIQUE AND RESULTS. The abnormatL cosponent of the
sky-wave VLF field was picked up by a transversal Loop aerialL at a site in
Betendzhik, about 100 ke southward from transmitting station. Midpath invariant
tatitude is 40 degrees. The VLF-monitoring technique was msost simiLar to that
of HOPKINS and REYNOLDS (1954). The CEF search and identification was based on
the following seitection criteria. Firstty, night-tise periods onity were
considered for there was LittLe hope to detect the CEF-effect at heights as Lom
as 70-75 ka by day. Secondiy, the wanted disturbance shouLd immediateLy folLlLow
a sudden change of IMF Bz-component preceded by a period of positive Bz, the
situation smost favourabLe for CEF penetration into the eidiLatitude ionosphere.
Because of the Lack of more detailed information on Bz we had to use its hourtLy
valtues (COUZENS and KING,1986). In order to fix more preciseLy the time of CEF
onset, H-magnetograms were used from the high-tatitude observatory Abisko
(Sweden, 6=66°). It is betieved that variations in high-tatitude current systenm
which cause the observed magnetic disturbance at Abisko, are wmainLy due to
changes in the magnetospheric convection (or potar cap) eLectric field. And
finatly, it was naturaiL to anticipate simuitaneous perturbations both in VLF
refLected signal at Beilendzhik and in H-magnetogram at Abisko, at Least at the
beginning of the disturbance.

The VLF data availabie for 1976-1980 atiowed to setect severa. CEF-events
which had occured after the turning of Bz-component to the south. An exampiLe is
shown in Fig. 1, where the reLative phase ¢, and amptitude A, of the abnorsat
component of the 14.9 KHz signalL as received at Getendzhik are compared to
disturbance in H-component of geomagnetic field at Abisko on February 15,1980.
UnfortunateLy there was a two-hour gap in Bz-data, so it is onLy possibLe to
say that the potarity change occured between 1900 UT and 2100 UT, but the
H-magnetogram from Abisko implLies that the convection elLectric fietd started to
rise approximsateLy at 2000 UT. This was folLiowed at 2015 UT by a rather abrupt
faLL of the refiected VLF signat strength and a winor general increase of
signal phase Lag with superimposed stronger short-period phase oscittations. A
burst of phase osciltations at about 2140 UT was accospanied by a simitar burst
in amptitude variations. The sean quasi-period of phase oscillations between
2020 and 2200 UT appeared to be 13.4 ainutes which was Lower than the
short-period fLuctuation quasi-periods before and after the disturbance. Then,
2200 to 2300 UT, retativety small but strikingly synchronous oscillations with
a 13.3-minute mean quasi-period could be noticed in VLF phase and geomagnetic
fietd records (Fig.l a,b). The maximum peak-to-peak variation of VLF phase
reached 38 centicyctes (it is equivatent to the 4.8 kiiLometre range of
refiection height variation). The siow cosponent of refiection height rise (in
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Fig.1
The disturbance of February 15, 19881 a) deviation of the horizontal
cosponent of geosagnetic field W at Abisko, Sweden; b) VLF skywave
phase disturbance at GBelendzhik f h=90ks corresponds to 0=393 cc,
scaling factor - 0.113 ke/cc)y c) VLF abnoraasl component amplitude A_
relative values A /A, during the disturbance.
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Fig.2

The disturban
cosponent of
field at Abis

ce of February 25/26, 1980: a) hourly values of the Bz-
the INF; b)the beshaviour of the H-component of geomagnetic
ko, Swaden} c) VLF phase disturbance in Belendzhik .
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Fig.3
Plots of VLF skywave phase lag @ at Gelendzhik versus geomagnetic
H-component at Abisko:a) February 24,1980 (local date), beginning at
0150 LT of Gelendzhik; b) February 16,1980, 0320 LT; c) February 15,
1980, 2340 LT; d) January 18,1978, 0020 LT.

Table

R L L ey D it T R $mm - +
: DATE : LT : A,cc/nT : r i
bt e P e Frmmmmmmeememee L ettt +
i 15.02.1980 ! 2240-2310 ! -0.047 ! -0.87

! 18.01.1978 ! 0030-0100 ! 0.031 ! B0.67 !
i 18.01.1978 | oi00-0130 ! -0.152 ! -0.62

i 26.02.1980 ! 0150-0208 ! 0.107 ! D.89 !
i 26.02.1980 | 0150-0220 | 0.052 ! 0.51 !
! 16.02.1980 ! 0320-0342 ! 0.058 ! 0.94 !
! 14.02.1980 ! 0320-0350 ! D.037 | 0.46 !
! 16.02.1980 ! 0320-0530 ¢ 0.118 ! 0.48 ¢
B et $ommmmceccceee L L L L 4-——ememceen +
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terms of the running mean with the averaging intervat of 50 minutes) reached
its maximum value of about § km at 2100 UT. On other occasicns there was no
substantial increase of the short-period fLuctuation intensity at VLF during
the CEF-event. Fig.2 shows a CEF-event of February 25/26 1980. A rapid turning
of Bz southward triggered at 2330 UT a high-Latitude substorm accompanied by a
shorter bay-Like Lowering of the reflection height (VLF phase Lag decrease) at
Getendzhik. It is worth noting that the Large negative hourty vaitue of Bz at 00
UT (~16nT) diminished to -3nT at 01 UT. The change of sign of VLF ophase
perturbation as compared to the disturbance of February 15 may be, presumably,
attributed to the Locail-time variatiomnof CEF.

Te iltustrate the corretation between a high-Latitude magnetxc disturbance
and a midlatitude ionospheric reftection height perturbation at VLF, plots of
VLF phase ¢, variation versus H-component variation are given in Fig.3 for 4
night-time CEF-events which had occured at different Locat tises. The dats
interconnected by straights to show temporat evolLution of the event are
separated by two-minute intervais. Bold dots and Lines represent the first hour
of disturbance. The regression coefficients A for the retation 8,=A%aH + B are
given in the tablLe for the Local dates and time intervats indicated (Betendzhik
tocal time LT is given). Note that the correlLation coefficient r is wused here
onty as a measure of simitarity of two waveforms with no statistical wseaning
being ascribed to it. Inspection of the tabie shows that for a sudden onset of
disturbance !A!=0.0530.1 with !r!=0.9 and the two quantities decrease as time
window broadens. For gradual disturbances (January 18, 1978 and February 16,
1980) both !A} and !r! tend to be Less sensitive to the window opening and in
generat jAI®0.1+0.15 and iri®0.5:0.6 .

As for the LocalL-time dependence of the effect in the ionosphere one can
suggest that the ionospheric height change tends to be positive before 00 LT
and negative after 02 LT, the transition time Lying between 0030 and 0130 LT.

DISCUSSION. The observed disturbances in the wmidiatitude night-time
D-region seem to be consistent with the idea of magnetospheric convection
eLectric fietd infLuence on the eLectron density at heights of about 70 km, the
tourning of the Bz to the south being the necessary condition. Indeed, an
exampie was shown (ELISEYEV et at., 1988), when a substorm which had occured by
positive Bz had not been accompanied by a disturbance at VLF. 1 we take the
high-tatitude magnetic data as a repLacement for the data on the penetrated
etectric fietd we can -say that disturbances in the midiatitude D-region
cossence simuttaneousty with the CEF enhancement and correlate rather well with
the Latter at Least within the first 20-40 minutes of the event. Sometises the
short-period oscittations intensify during the disturbance and their
quasi-period shortens. A surprisingLy good correLation was noticed at the
recovery stage of disturbance on February 15, 1980 between the small
oscitiations of VLF skywave phase tag and those of CEF. A simiLar behaviour of
the short-period fLuctuations in the F-region could be seen from the data
presented by CROWLEY et aL (1984) for a disturbance, which foLLowed the Bz
poLarity change. In general, the events described in this paper for the
night-time midiatitude D-region have much in common with the wetl known
CEF-events in the thermosphere and hence are Likety to have the same origin.
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